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There is Life on Earth!

© 2017 California Institute of Technology. Government sponsorship acknowledged.




hy and How Life Started on Earth?

NASA and other Space Agencies Worldwide are working
Together to Answer the Second TWO Questions!
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he Ofigin of Life on Earth — The Role of Comets

Did Organics Survive Comet Entry and Impacts on Earth?
Do we fully understand Comets? (Deep Impact, Epoxi, Rosetta)




re comet? The most spectacular objects!

"'

million kllometers of gas/dust tall




Comets nght Up When Closer to the Sun

The max. Temp. on 67P is around 80 °C
(Record on Earth 56.7 °C in Death Valley, US)

© 2017 California Institute of Technology. Government sponsorship acknowledged.




pterstellar Molecular Clouds: Birthplaces for

W e - New S;grs

Orion Constellation
Horsehead Nebula (very cold)
NGC-2023 Reflection Nebula

NASA Hubble Space Telescope Images




.EBFmation of our Solar System from Dust, Ice,
S ° emah ih-the Molecular Clouds
, yand Gas ip the Molgcular Clouds
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‘[t';§ Journey Started 4.6 Billion Years Ago

-

‘How did our solar system come to be? - L e

-
*

At some point, part of the cloud
It all began about 4.6 billion years collapsed in on itself—possibly because
ago in a wispy cloud of gas and dust. - the shockwave of a nearby supernova
explosion caused it to compress.

The result: a flat spinning disk of dust and gas.

N .
4.6 Billi-on ‘ \ _ When enough material collected at this disk’s
* . . ] v center, nuclear fusion began. Our sun was born. [t

Years Ago : 7w - gobbled up 99.8% of all the material.
- |

These clumps became planets, dwarf planets,
asteroids, comets, and moons.

Nuclear fusion occurs
when hydrogen
atoms fuse into
helium.

This cloud was a small partofa  «
much bigger cloud.

The material left behind . ) i

by the sun clumped h 5 Present
together into bigger : : —

and bigger pieces.

-

Only rocky things could survive close to the sun, so
gaseous and icy material collected further away. That's
v our solar system came to be the place it is today!

Comets and asteroids are
the left over remains of

Space Placé?} B | ent (LHB) - - E
_ ina Snap.' ' . : : | -_

For more articles, games, and activities, visit spaceplace.nasa.gov




3servoirs of Comets in Our Solar System

K. Cordes, Space Telescope Science Institute, Graphics Dept.
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~ ¥ .Our Solar System & a Tennis Ball

While Earth
Is NOT Flat

Our Solar System
s mostly a Disk

A Tennis Ball with b Kuiper Belt Al
a Disk inside! e

Distances not to scale
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fComets come in all Shapes & Sizes
— p ‘.' . ";9.: o

9P/Tempel 1
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Primordial Matter in Comets
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|ar Composition: Comets and Pre-Solar Ice
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Prebiotic Evolution

o

Biodegradation

Raw Material ..
H,O, NH;, CH;0H,
CoO, PO,, SO,, etc
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Micelles from vuv-irradiated

H,0:CH;0OH:CO:NH; Ice Residue
(100:50:1:1) [NASA Ames Group]

Amino Acids from VUV-Irradiated

NASA Ames Group (H,O:CH30OH:NH5;:HCN = 20:2:1:1)
Leiden Group (H,O:CH;0H:NH5:CO:CO, = 2:1:1:1:1)
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Toluenem

L-Alanine

Glycine
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Dworkin et al. Proc. Nat. Acad. Sci. 98, 815 (2001); Bernstein et al. Nature 416, 401
(2002); Munoz-Caro et al. Nature 416, 403 (2002)
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”tanding Prebiotic Chemistry in Comets
= At the Ice Spectrosc:Opy Lab (ISL) @ JPL s
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Understandmg intricate

| details of how biomolecules

could have evolved or
degraded in Interstellar Ices

/8 (Origin of Life), Comets, and

on other Solar System
Bodies.




iotictMolecules in Primordial Ice Analogs
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= olecules found in interstellar ice analogs

Irradlatlon Products of Slngle and DuI Component Ices, 5 K

NH, CH,OH H,0

e-, hV e~ hV

irradiation
products as
CH;OH ice

Many of these molecules are detected later by Rosetta-ROSINA
NH; less reactive than CH;OH under radiation
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" AresComets Like Deep Fried Ice Cream?

> Rosetta (ESA/NASA) found ~10 cm Crust

Phase Transition
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Comets are made of most primitive matter In our Solar System|
Comets are from Kuiper Belt and Oort Cloud.

Comets are porous kilometer-sized & odd-shaped icy bodies.

m Did Comets and Asteroids bring primordial matter to Earth
"~ ~4 Billion Years ago & kick starting the Origin of Life on Earth?

VS A D 7 ¥
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Rosetta Mission to the Comet
67P/C@uryumoy_gera5|menk9
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Rosetta Instrument Suit
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Rosetta ROSINA Instrument

JThe -ROSINA‘Dou'bIe Focusing Mass Spectrometer (DFMS) on
Board Rosetta Spacecraft (Lead by Prof. Kathrin Altwegg) made
Outstanding Observations on the Comet 67P/CG
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- Oxygen Molecules f

.

Fougere, Altwegg et aI., MNRAS 462, S156-5169 (2016)

rom Comet 67P/C
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“"Y‘{'_l’ridig:ation that Comets brought Xe to Earth

TR e e

Xenon isotopes in 67P/Churyumov-Gerasimenko show that
cometsccontributed to Earth's atmosphere >

by B. Marty, K. Altwegg, H. Balsiger, A. Bar-Nun, D. V. Bekaert, J.-J. Berthelier, A.

Bieler, C. Briois, U. Calmonte, M. Combi, J. De Keyser, B. Fiethe, S. A. Fuselier, S.

Gasc, 1. I. Gombosi, K. C. Hansen, M. Hassig, A. Jackel, E. Kopp, A. Korth, L. Le

Roy, U. Mall, O. Mousis, T. Owen, H. Reme, M. Rubin, T. Sémon, C.-Y. Tzou, J. H.
Waite, and P. Wurz
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Volume 356(6342):1069-1072 AV AAAS
June 9, 2017 >
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Z2"" The Rosetta Mission to Comet 67P-CG
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Good Bye Rosetta!
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Conclusion

. ’ .. .
Comets Preserve the most Primitive Matter
In Our Solar System!

Comets and Asteroids could have Triggered
The Origin of Life on Earth 4 Billion Years Ago

Comet/Asteroid Impact ~70 Million Years Ago
Lead to the Extinction of Dinosaurs

And Perhaps Triggered the Evolution towards
HUMANS!

Scientists are Searching for Extraterrestrial Life & Intelligence
No Signs or Signals

Life in its Beauty and Diversity is on Earth
Let us Protect and Preserve Our Living Ecosystem
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Future

We still do not understand
How a comet’s nucleus is structured
How cold its interior is
Whether amorphous ice is present
Whether primordial molecules are present
When and where comets are made

You — the Younger Generation in the Audience
Will Address Some of These Questions
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Thank You
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